Background: Reduced exercise tolerance and dyspnea are common in older people, and heart failure (HF) and chronic obstructive pulmonary disease (COPD) are the main causes. We want to determine the prevalence of previously unrecognized HF, COPD, and other chronic diseases in frail older people using a nearhome targeted screening strategy.
alence of COPD varies between 4% and 16% and that of HF between 3% and 13%-these proportions are suspected to be even higher in frail elderly. 4, 5 Other diseases or precipitating factors that may simultaneously cause these symptoms should also be considered, such as anemia, atrial fibrillation, valvular disease, (persisting) asthma, thyroid disorder, and obesity. Importantly, both patients and physicians often do not seem to consider the development of another disease causing symptoms and signs similar to the patient's known condition. This has been exhibited extensively by previous studies showing very high prevalence rates of unknown HF in patients with COPD. 6, 7 HF and COPD may be difficult to disentangle because of overlap in signs and symptoms, and additional investigations, such as echocardiography and spirometry, are required for an adequate diagnosis. 8 -10 Access to echocardiography and, to a lesser extent, spirometry is limited in the primary care setting in European countries, a barrier that is even larger because of difficulties among the frail elderly in visiting the outpatient clinic of a hospital. 7, [11] [12] [13] The aim of our study was to determine the prevalence of previously unrecognized HF, COPD, and other chronic diseases (eg, anemia, atrial fibrillation, valvular disease, asthma, thyroid disorders) in frail elderly using a near-home, targeted, 2-step screening strategy, including a questionnaire and a screening program at the primary care physician's (PCP) office.
Methods

Study Population
The study population was derived from a cluster randomized trial (www.clinicaltrials.gov identifier NCT01148719).
14 Eight group primary care practices from the catchment area of the "Network Utrecht Care for Elderly" (NUZO) were included in the screening strategy. In the Netherlands, all citizens are registered with a PCP, irrespective of (co)treatment by a specialist. This includes patients living in a home for the elderly but excludes those living in a nursing home or hospice.
Frail patients Ն65 years old were identified from the electronic medical files of the participating PCPs. Frailty is a clinical state in which there is an increase in an individual's vulnerability for developing increased dependence and/or mortality. 15 Frailty can occur as the result of a range of diseases and medical conditions. Numerous instruments used to score frailty, mainly based on physical and physiologic deficits, exist, but a single definition is lacking. 15, 16 Our definition of frail was practically operationalized as having Ն3 chronic or vitalitythreatening diseases (such as ischemic heart disease) and/or using Ն5 prescribed drugs daily during the past year. 17 These variables could be extracted easily from the electronic medical file. Patients were excluded if they (1) already had a dual diagnosis of HF and COPD (both adequately established), including echocardiography or spirometry, respectively, according to the current clinical guidelines; (2) were unable to travel to the PCP's office; or (3) had severe cognitive problems. Patients willing to participate filled out a questionnaire, which included the Medical Research Council (MRC) Dyspnea Scale 18 and questions about reduced exercise tolerance, that was sent by mail (the first step of the screening strategy) (see Appendix 1). Those who scored positive on the reduced exercise tolerance questionnaire or had a score Ն2 on the MRC dyspnea scale were invited for the second step of the screening strategy at their PCP's office.
The study was approved by the medical ethics committee of the University Medical Center Utrecht, the Netherlands, and all participants gave written informed consent. Participant recruitment started in June 2010 and ended in January 2012.
Near-Home Targeted Screening Program
The screening strategy consisted of the following components: (1) standardized medical history taking and physical examination, (2) blood tests, (3) electrocardiography (ECG), (4) spirometry, and (5) echocardiography with a mobile device.
Data on comorbidities and drug use were obtained from the electronic medical file at the PCP's office. Current drug use was confirmed by checking the patients' medication containers.
Blood tests consisted of measurements of hemoglobin concentration, renal function (estimated glomerular filtration rate [eGFR] based on the Modification of Diet in Renal Disease study group equation), 19 nonfasting glucose concentration, and concentrations of highly sensitive C-reactive protein, thyroid-stimulating hormone (and free thyroxin 4 in the case of values that were too low or too high), and N-terminal pro-B-type natriuretic peptide.
A standard 12-lead ECG was recorded and classified according to the Minnesota coding criteria by a single cardiologist. 20, 21 Pulmonary function tests consisted of spirometric measurements and were performed with a SpiroPerfect spirometer (Welch Allyn, Skaneateles Falls, NY). Forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV 1 ) were measured before and 30 minutes after administration of ipratropium bromide via an inhalation chamber. 22 Echocardiograms were performed with a mobile ultrasound machine (Vivid-I; General Electric, Milwaukee, WI) by trained and experienced cardiosonographers. Images and measurements, including tissue Doppler, were interpreted by an experienced cardiologist and reviewed by the cardiologist who was involved in the expert panel.
Blood could not be collected in 5 patients (1.3%). The ECG and spirometry were not interpretable for technical reasons in 1 patient and 3 patients, respectively. Interpretable echocardiograms were available for 375 patients (96.4%).
All measurements were performed in a nearhome setting at the PCP's office by trained technicians and sonographers from a locally operating PCP laboratory (Saltro, Utrecht, the Netherlands). After the screening program, the participant's PCP received all results and was advised to initiate targeted interventions and/or adjust current treatments, according to the recommendations of (inter)national clinical guidelines.
Final Diagnoses
The final diagnoses were made during consensus meetings by a panel consisting of a PCP, pulmonologist, and cardiologist and based on all available results from the screening program plus the response to treatment during the 6 months of follow-up. 23 For diagnoses lacking a reference standard, such as HF, a consensus diagnosis based on expert opinion using all available diagnostic information was advocated. 24 Diagnoses of HF, COPD, and other possible disorders that could explain the complaints were classified as present, absent, or, in case of doubt, "possible."
For the diagnosis of HF, the panel applied the diagnostic criteria of the European Society for Cardiology. HF was considered present if symptoms and signs suggesting HF were present in combination with ventricular dysfunction on echocardiography at rest. 8, 25 Patients with HF were further classified as having HF with reduced ejection fraction (REF), HF with preserved ejection fraction (PEF), and isolated right-sided HF. "Systolic" dysfunction necessary for HF with REF was considered present if the left ventricular ejection fraction (LVEF) was Յ45% on echocardiography. "Diastolic" dysfunction, required for the diagnosis HF with PEF, was considered present when LVEF was Ն45% and the following echocardiographic abnormalities were present: abnormal left ventricular relaxation or diastolic stiffness and structural abnormalities (left atrial enlargement or left ventricular hypertrophy). "Isolated" right-sided dysfunction was defined as an increased pulmonary artery pressure (calculated systolic pulmonary artery pressure Ͼ40 mm Hg), when LVEF was Ն45%, and in the absence of evident diastolic dysfunction.
The presence of COPD was based on the patient's history (ie, coughing, wheezing, phlegm production, inhalation allergy, and/or bronchial hyperreactivity), a positive history of smoking, and obstruction after dilation on spirometry. Obstruction was defined as a reduced ratio (Ͻ0.70) of the FEV 1 and FVC. Severity of COPD was graded according to the Global Initiative for Chronic Obstructive Lung Disease criteria in classes I to IV. 26 For the diagnosis of (persisting) asthma, symptoms of wheezing plus a history of allergy or bronchial hyperreactivity was needed in combination with an increase of Ͼ12% of the FEV 1 value, or Ն200 mL in the case of smaller lung volume, from before to after dilatory measurement. 27 The diagnosis of pulmonary restriction was based on a value of Ͻ80% of predicted FVC after dilation in the absence of a diagnosis of COPD. 27 Anemia was classified according to the World Health Organization criteria and was considered present if hemoglobin concentration was Ͻ8.0 mmol/L (Ͻ13 g/dL) in men and Ͻ7.4 mmol/L (Ͻ12 g/dL) in women. Renal dysfunction was considered present if the eGFR was Ͻ60 mL/min/1.73 m 2 . 19 Thyroid disease was divided into hypothyroidism and hyperthyroidism. Hypothyroidism was considered present if the thyroid-stimulating hormone concentration was Ͼ5.5 mu/L and that of free thyroxin 4 was Ͻ11 pmol/L. Hyperthyroidism was considered present if the thyroid-stimulating hormone concentration was Ͻ0.35 mu/L and that of free thyroxin 4 was Ͼ23 pmol/L. Blinded to their original classification, the panel reevaluated the diagnosis of a random sample of 10% of the patients (n ϭ 40) to determine the reproducibility of their diagnoses. To minimize the chance of recall, the time interval between the 2 assessments was Ն1.5 months. In 3 cases with a diagnosis of HF (presence or absence of HF with PEF) and in 6 cases with a diagnosis of COPD, the diagnosis upon reevaluation did not correspond to the original diagnosis of the panel ( ϭ 0.74).
Data Analysis
The original diagnoses of the panel were used in our analyses, and diagnoses were dichotomized, considering a "possible" diagnosis as "absent." The prevalence of previously unrecognized HF, COPD, and other chronic diseases was calculated as a proportion with 95% confidence intervals (CIs) using the method of Wilson. 28 Data were analyzed using the SPSS software (version 20.0 for Windows; SPSS Inc., Chicago, IL).
Results
Of the 5369 elderly that were evaluated, 1855 (34.6%) fulfilled the criteria for "frailty." Of these, 44 (2.4%) had an already established dual diagnosis of HF and COPD and thus were excluded from the study (Figure 1 ). In total, 462 elderly did not respond to the invitation and 779 elderly were not willing to participate in the 2-step screening program. These nonresponders were, on average, 1.5 years older (76.7 vs 75.1 years; P Ͻ .0001), less often men (41.4% vs 50.9%; P Ͻ .0001), and more often had a history of diabetes mellitus (35.3% vs 30.4%; P ϭ .04) and cancer (7.9% vs 4.9%; P ϭ .03) than the participants. Prevalence of other comorbidities, including hypertension and ischemic heart disease, was similar. Of the frail elderly willing to participate, 395 (69.3%) had dyspnea or reduced exercise tolerance. Six patients withdrew after signing informed consent. The mean age of the participants who visited their PCP's office for the screening investigations was 75.5 years (standard deviation, 6.1 years), and 45% were men (Table 1) . Table 2 presents the newly detected diagnoses. In the screening strategy, 525 new diagnoses were detected in 297 patients. Age-and sex-specific prevalences of HF and COPD are presented in Figure 2 .
HF was newly diagnosed in 127 patients (33.5%; 95% CI, 28.9 -38.4%); 28.3% of these had HF with REF, 70.1% had HF with PEF, and 1.6% had isolated right-sided HF. Clinically relevant valvular disease was detected in 21.4% and atrial fibrillation in 1.8% of participants. At least one of these cardiac diseases was detected during screening in 168 (44.1%) patients.
A new diagnosis of COPD was established in 65 patients (16.8%; 95% CI, 13.4 -20.9%). Persisting asthma was newly diagnosed in 12 patients (3.1%) and pulmonary restriction in 9 patients (2.3%). In Figure 1 . Flow chart of inclusion. *"Other" includes cognitive problems (such as dementia) and inability to travel to the primary care physician's office.
† Nonresponse after 2 written invitations were sent. 79 patients (20.5%), one or more of these pulmonary diseases was established at the screening. Anemia was newly detected in 12.7% of patients and renal dysfunction (eGFR Ͻ60 mL/min/1.73 m 2 ) in 25.0%. Newly detected hypertension (0.8%), diabetes mellitus (0.8%), and thyroid disease (0.5%) were infrequent.
The screening program at the PCP's office yielded an underlying cause for dyspnea or reduced exercise tolerance in 76.6% of the participants (95% CI, 72.1-80.5%). Possible explanations for the complaints in 11.2% of the participants-other than the diseases presented above-included (severe) obesity in 6.0%, angina pectoris in 4.7%, and peripheral artery disease in 1.1%. According to the panel, the screening investigations did not reveal any explanation for the complaints in 47 participants (12.2%).
Discussion
In our 2-step, near-home screening strategy among community-dwelling frail elderly, 69% of the elderly had complaints of dyspnea or reduced exercise tolerance. Among these, screening investigations at their PCP's office established clinically relevant diagnoses in 77%. In particular, Previously unrecognized HF and COPD were detected in many patients (34% and 17%, respectively). For HF, this means a 3 times higher prevalence than can be expected in the general elderly population Ն65 years old. 5, 9 Also, consistent with previous studies, prevalence estimates increased with age, and men were more affected than women. Men also had more major risk factors than women. 4, 5 Thus, our study confirms the underdiagnosis of both diseases in the elderly, as was shown by previous studies separately assessing these diseases. 7, [11] [12] [13] We also showed that these frail elderly, with multimorbidities, polypharmacy, and complaints of dyspnea, still have a substantial number of remaining undetected diseases, especially HF and COPD. These outcomes are applicable to 25% of all persons Ն65 years old. This substantial underdiagnosis of important chronic diseases seems at least partly explained by both patients and physicians who attribute (increasing) dyspnea and exercise intolerance to the previously diagnosed disease(s). Data are number (%). *Patients could have more than one diagnosis. † There were 525 new diagnoses detected in 297 patients: 148 had 1, 94 had 2, 38 had 3, 11 had 4, 5 had 5, and 1 had 6. Because of an incomplete screening strategy or a nonassessable test, there were 10 instances of missing data on heart failure and dysfunction, 11 on valvular disease, 1 on atrial fibrillation, 3 on COPD, 11 on GOLD classification, 4 on asthma en restriction, 3 on anemia, and 4 on hypo-and hyperthyroidism. ‡ Left ventricular dysfunction without signs or symptoms of heart failure. § Patients could have more than one valve disorder. COPD, chronic obstructive pulmonary disease; GOLD, Global Inititative for Chronic Obstructive Lung Disease; X ϭ no such diagnosis in the electronic medical file at the primary care physician's office.
12,13
In addition, dyspnea and reduced exercise tolerance are not always perceived as important symptoms; deconditioning because of aging often is considered as the explanation. Reevaluating these complaints, however, as we did in our study, does imply a considerable effort; as many as 69% of all frail elderly had at least one of these complaints. The prevalence of dyspnea (MRC Dyspnea Scale score Ն2) in our community-dwelling frail elderly Ն65 years old (60.8%) was substantially higher than that observed in an earlier study of the elderly population at large (37%). 29 The screening investigations in our study were relatively easy to perform (with the exception of the portable echocardiography), and the patient burden was limited. All investigations were performed in or nearby the PCP's office, in the vicinity of the participants' homes. As a consequence, implementing our 2-step screening strategy in other countries with a primary-care based health care system seems feasible, albeit that the quality of the measurements performed is high and PCP's are capable of interpreting the results.
Although most primary care practices in Western European countries nowadays have spirometry and often electrocardiography available, they lack easy access to echocardiography. This could possibly be the main reason for the even higher detection rates of new HF than new COPD. Our study is in line with previous studies that showed that better access to echocardiography in primary care facilities will increase the detection rate of HF in the elderly and thus the quality of life and prognosis of these patients.
With our screening strategy, we focused on diseases that are common, easily detectable, and can be treated with evidence-based drugs that have a potential beneficial effect on prognosis and quality of life, although this effect is not that evident for cases with HF with PEF. 30 The risk of negative drug interactions and adverse effects in these patients, who often also have some degree of renal failure, need to carefully be considered. Thus, optimal, high-dose drug use according to guidelines is not always possible or adequate in these patients. In view of the lack of evidence on the effects of targeted interventions in these elderly patients with newly detected diagnoses, randomized comparison assessing whether such interventions indeed improved prognosis should be available before a screening strategy such as ours can be implemented. Such an evaluation-the TREE (Triage of Reduced Exercise Tolerance in Frail Elderly) study-is currently underway.
14 Figure 2 . Age-and sex-specific prevalence of heart failure (HF) (A) and chronic obstructive pulmonary disease (COPD) (B). Total prevalence included new plus already known diagnoses.
Comparison With Other Studies
Three previous studies screened adult patients with dyspnea for underlying causes, but these were conducted in a hospital outpatient setting and not in primary care. 29, 31, 32 Two separate studies by Nielsen et al 31, 32 in Denmark found newly detected HF in 27% and 23% and new COPD in 32% and 48% of cases and no underlying reasons in 15% and 18% of cases, respectively. Pedersen et al 29 considered cardiac and/or pulmonary diseases present in 69% of patients referred to the outpatient clinic for dyspnea (median age, 71.5 years; 31% men), classifying 21% with a new diagnosis of heart disease and 53% with pulmonary disease. In our study, the number of patients with newly detected heart disease (44%) was much higher than in these earlier studies. Except for differences in patients' characteristics, differences in the classification of diastolic dysfunction with echocardiography and thus the diagnosis of HF with PEF could have at least partly created this difference. Importantly, we applied a composite of echocardiographic diastolic abnormalities, including tissue Doppler measurements of the left ventricular wall, as advocated by the most recent guidelines. 8, 25, 33, 34 Strengths and Limitations A major strength of our study was that all investigations were performed in every patient, thus preventing workup bias (or verification bias). Another strength is that all investigations were done near the patients' homes, which certainly had a positive impact on the participation rate of these frail elderly, a patient population seldom included in large randomized trials. We did not assess all possible comorbidities or medications in Table 1 . We preferred to focus on those diseases that potentially could be related to dyspnea or reduced exercise tolerance.
In 14 patients (3.6%), echocardiography could not be performed, most often because the patients' physical conditions made it impossible for them to visit their PCP's office. It is possible that not every patient adequately stopped his or her inhaled pulmonary drugs as instructed on the day of the spirometry. This might have negatively influenced the diagnosis, especially that of asthma. We performed only spirometry because this is the key investigation in primary care for diagnosing COPD and asthma. Not applying other pulmonary function tests could have led to some misclassification, especially of those with a FEV 1 /FVC around the 0.70 cutoff point. Importantly, participants were in a stable condition, and thus the risk that pulmonary congestion due to HF that would reduce the FEV 1 value more than the FVC value is unlikely. In general, in stable patients with HF, both the FEV 1 and FVC were reduced by 10% to 20%, but because both values were affected, the ratio is not. 35, 36 Finally, our screening strategy did not include exercise testing or other investigations to detect cardiac ischemia. As a result, patients with dyspnea caused by cardiac ischemia may not be adequately detected by our screening strategy.
Because we had a 69% nonresponse rate, selection bias of participants could have occurred. Nonresponders were, on average, 1.5 years older than responders and more often had a history of diabetes mellitus and malignancies. Knowing the impact of age and comorbidities, our prevalence estimates could therefore be an underestimation of the true rate of unrecognized chronic diseases.
Conclusions
Unrecognized chronic diseases might be detected in community-dwelling frail elderly using a simpleto-implement, near-home screening strategy. However, whether optimizing treatment of new diagnoses in this fragile population with multimorbidities and polypharmacy improves quality of life and reduces morbidity and mortality remains to be proven.
